Changes in plasma catecholamines, lipoproteins and dietary intake were examined in 13 medical students during a 3-month period prior to their examinations, and in 12 controls. In the medical students mean+ s.e.(mean) plasma cholesterol increased over the study period (3.98 + 0.16 v. 4.26 + 0.16 mmol/l, P< 0.05) and this was reflected by a rise in low-density lipoprotein cholesterol (2.53 +0.15 v. 2.71 + 0.17 mmol/l, P< 0.05). Both supine adrenaline (0.45 + 0.05 v. 0.70 + 0.07 nmol/l, P<0.01) and noradrenaline (2.74 +0.18 v. 3.40+0.31 nmol/l, P<0.05) increased over this period. Apart from a decline in the modest alcohol consumption (9.1 +3.45 v. 2.6+1.4 g/day, P<0.02) there was no change in dietary intake in the medical students. There were no significant' changes in plasma catecholamines, lipoproteins or dietary intake in control subjects over the study period.
Introduction
Stressful Type A behaviour is associated with coronary heart disease. This was originally demonstrated in a cross-sectional case-control study'. In addition, two large population-based surveys have demonstrated a statistically significant, positive, independent association between Type A behaviour and the incidence of combined coronary heart disease manifestations in both middle-aged men and women2"3. The risk of coronary heart disease associated with Type A behaviour was of the same order of magnitude as that associated with cigarette smoking, hypertension, or hypercholesterolaemia. Although the methodological techniques for assessing Type A behaviour are standardized, there was no exact definition of this type of behaviour. It has variously been described as aggressive, ambitious, impetuous and restless. About 50% of middle-aged, middle class American men demonstrate Type A behaviour. There is also evidence to indicate that both short-term and long-term environmental stress is associated with coronary heart disease4 .
The mechanisms underlying the relationship between long-term stress and coronary heat disease are unknown. The possibility that this might be mediated by an adrenergic effect on cholesterol metabolism has not been examined, although Type A behaviour is associated with an increased adrenergic response to stress'1, high levels of urinary noradrenaline are associated with high life-event and stress scores in post-myocardial infarction patients1 2, and serum cholesterol increases during periods of stress '3,14 In the light of these findings, we undertook a study to see whether long-term stress in free-living subjects produced alterations in serum lipoprotein or catecholamine levels and whether these were interrelated.
Methods
Changes in plasma catecholamines and lipoproteins were examined in 13 third year and final year medical students (mean age 22.6 + 1.4 years; 8males, 5 females) during a 3-month period prior to their examinations, and in 12 controls, mostly laboratory staff (mean age 23.9 + 1.8 years; 8 males, 4 females) who were not exposed to examination stress during the same period.
Supine (30 minutes) and erect (5 minutes) blood samples were obtained from all subjects after a 14hour overnight fast via a cannula inserted into the antecubital vein. Sampling was performed on two different mornings in all subjects during the 12th week before the examinations and also on two different mornings in the week before the examinations. Each subject's plasma lipoprotein and catecholamine levels during the sampling periods were calculated as the average ofthe two determinations. Informed consent was obtained from all subjects and the study was approved by the ethical committee of the Federated Dublin Voluntary Hospitals.
Diet was assessed 12 weeks before the examination and in the week before the examination by means of a 3-day recording of dietary intake, the details of which were confinned by interview with a dietitian. Particular attention was paid to caffeine, alcohol, fat and cholesterol intake. Data were analysed using a computer program incorporating the nutrient composition of most common foodstuffs15 and were expressed as mean daily intakes. Plasma 
Results
Dietary intake in the students and controls is shown in Table 1 . There was no significant difference' in dietary intake between the two groups during the study period. Alcohol intake was low in both groups throughout; 5 students and 4 control subjects had zero alcohol intake. In both groups alcohol intake declined over the 3-month period, but this only achieved statistical significance in the medical students.
At the outset of the study there was no significant difference in serum lipoproteins or catecholamines between the two groups ( Table 2 ). There were no significant changes in plasma lipoproteins or catecholamines in the control group during the study period.
In the medical students mean plasma levels of supine adrenaline, supine noradrenaline, cholesterol and LDL cholesterol were significantly higherinthe week before their examinations than 12 weeks previously. There was no significant change in the other catecholamine or lipoprotein parameters in this group. Individual values ofsupine adrenaline, supine noradrenaline, cholesterol and LDL cholesterol are shown in Figures 1 and 2 . Catecholamine and lipoprotein changes did not correlate significantly in the medical students (Figure 3) . Likewise, the changes in alcohol intake in the medical students did not correlate significantly with either lipoprotein or catecholamine changes (data not shown).
Discussion
The positive association between serum cholesterol, particularly LDL cholesterol concentrations, and recently doubt has been cast on whether HDL cholesterol is independently associated with coronary heart dis'ease in British men27. Because of this association with coronary heart disease, factors which alter plasma lipoprotein levels have'attracted much interest. In this study it has been shown that plasma cholesterol is elevated during periods of prolonged psychological stress, confirming previous findings'3'4. Our results indicate that this is-due to a rise in LDL cholesterol. The absence of any significant change in plasma triglyceride levels is surprising insofar as it has been reported to be increased by acute stress28. Although it. is well known that plasma catecholamines are affected by acute psychological stress29'30, to our knowledge the rise in basal plasma adrenaline and noradrenaline during a period of prolonged psychological stress has not been previously described.
It is unlikely that the altered alcohol consumption in the medical students was responsible for the total plasma and LDL cholesterol changes observed, because alcohol intake was low, there was no significant correlation between the alcohol and lipoprotein changes and previous reports have indicated that alcohol affects HDL cholesterol levels, not LDL cholesterol levels31'32. Similarly, as there was no significant correlation between changes in catecholamine levels and alcohol consumption,'the interdependence of these parameters is unlikely.
Previously we have.demonstrated that the ratelimiting enzymesof hepatic cholesterol metabolism are affected by catecholamines in vitro33. Other workers have demonotrated that catecholamines alter LDL receptor activity in Cultured human fibro-blagts34. Despite this evidence, it cannot definitely be concluded that in vivo, under physiological conditions, catecholamines affect lipoprotein metal> olism. The present study, likewise, does not provide evidence of direct r9le for, catecholamin ,in the physiologipaL,regulation of serum lipoprotein. concentrations, although-this possibility is not ruled out in view of the small numbers studied. However, it is apparent that both serum LDL cholesterol and basal levels of serum catecholamines are raised during chronic psychological stress. Changes of this type in older and in higher-risk groups may contribute to the association between stress and coronary heart disease.
